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INTRODUCTION 

Very efficient terminal and printer I/O can be achieved in 
an MC68000-based system using only the MC68681 dual 
universal receiver transmitter (DUART) and an RS-232 inter¬ 
face driver chip set. As an extra bonus, a dual-tasking 
scheme can be easily implemented using the counter/timer 
on-chip the MC68681 to generate periodic time-slice inter¬ 
rupts to the MC68000. This allows the MC68000 to appear to 
be executing two tasks simultaneously. Typically, one of the 
tasks would be a printing task so that printing can be done as 
a “background” task to something else being executed by 
the MC68000. 

In this Application Note, a complete 
MC68000/MC68681 interface and a dual-task sample ap¬ 
plication is presented. It begins with a description of the 
MC68681 operation and programming for this application. 
This is followed by a description of the MC680(X)/MC68681 
hardware interface. Finally, the software required for the ap¬ 
plication is presented. It includes the routines required to in¬ 
itialize and drive the MC68681 serial channels and counter, 
and the software required to implement the dual-tasking 
scheme. The software also includes two sample task routines. 
One continually monitors a terminal (attached to DUART 
channel A) for incoming characters, assembles them into a 
character string in an input buffer, than places the string in a 
print queue. The other task continually monitors the print 
queue for character strings destined to be printed and sends 
them to the printer (attached to DUART channel B). 


MC68681 OPERATION AND PROGRAMMING 

The MC68681 DUART is a communications device that 
provides two independent full-duplex asynchronous 
receiver/transmitter channels, a 6-bit parallel input port, an 
8-bit parallel output port, and a 16-bit counter/timer in a 
single package. Also, the MC68681 can be programmed to 
generate interrupts upon any of the following conditions: 

Channel A Transmitter Ready 
Channel A Receiver Ready 
Channel A Change-in-Break 
Channel B Transmitter Ready 
Channel B Receiver Ready 
Channel B Change-in-Break 
Counter/Timer Ready 
Input Port Change-of-State 

Channels A and B of the MC68681 can operate in four dif¬ 
ferent modes: normal, automatic echo, local loopback, and 
remote loopback. A channel operating in normal mode 
allows full-duplex communication. A channel operating in 
automatic-echo mode operates exactly as in normal mode, 
but automatically re-transmits any received data. Local loop- 
back and remote loopback modes are diagnostic modes that 
can be used to verify correct operation of a channel. 
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The MC68681 has a 6-bit parallel input port and an 8-bit 
parallel output port. Each of the inputs and outputs can be 
used as general-purpose inputs and outputs. However, each 
has programmable alternate functions, as shown below: 

Pin Programmable Alternate Function 

IPO Channel A Clear-to-Send Input 

IPl Channel B Clear-to-Send Input 

IP2 Channel B Receiver External Clock Input or 

Counter/Timer External Clock Input 
IP3 Channel A Transmitter External Clock Input 
IP4 Channel A Receiver External Clock Input 
IPS Channel B Transmitter External Clock Input 
OPO Channel A Request-to-Send Output 

OPl Channel B Request-to-Send Output 

OP2 Channel A Transmitter Clock Output or Channel A 
Receiver Clock Output 

OP3 Counter/Timer Output or Channel B Transmitter 

Clock Output or Channel B Receiver Clock Output 
OP4 Channel A Reveiver-Ready or Buffer-Full Interrupt 
Output 

OPS Channel B Receiver-Ready or Buffer-Full Interrupt 
Output 

OP6 Channel A Transmitter-Ready Interrupt Output 
OP7 Channel B Transmitter-Ready Interrupt Output 

Finally, the MC68681 has a 16-bit programmable 
counter/timer that can be used to measure elapsed time be¬ 
tween events, or to generate periodic interrupts. It can be 
programmed to operate as a free-running timer (cannot be 
stopped and started) or as a counter (can be stopped and 
started). 

This application will use the normal, automatic-echo, and 
local loopback modes, and will utilize two of the MC68681 
interrupt sources: the c hannel A change-in-break IRQ and 
the counter/timer IRQ. Also, one of the output port pins 
and one of the input port pins will be used as RTS/CTS 
handshake lines. In this application, a terminal will be at¬ 
tached to DUART channel A and will be programmed to 
transmit and receive at 9600 baud with seven bits/character, 
even parity, and two stop bits. The channel will be pro¬ 
grammed to operate in automatic-echo mode so that the 
character typed at the terminal keyboard will appear on the 
CRT screen. So that the channel receiver FIFO is not over¬ 
run, channel A will be programmed to use the receiver 
RTS/CTS handshake protocol. This protocol works as 
follows: the receiver RTS output is connected to the CTS in¬ 
put of the terminal. So long as the receiver has room in its 
FIFO for another character, the receiver will assert RTS. If 
the FIFO becomes full, the receiver will negate RTS. When 
the FIFO once again has room for another character, it will 
automatically re-assert RTS. Assuming that the terminal will 
not transmit a character unless it sees CTS asserted, receiver 
overrun will not occur. Finally, the BREAK key will be used 
as an abort button, so that the user can exit to the monitor 
(or operating system) at any time. Channel A will, therefore, 
be programmed to generate an interrupt to the MC680(X) 
when it receives a BREAK character from the terminal. 

A printer will be attached to DUART channel B and the 
channel will be programmed to operate in normal mode, 
transmit at 300 baud with seven bits/character, even parity, 
and one stop bit. So that the channel does not send 
characters to the printer faster than the printer can handle 


them, channel B will be programmed to use the transmitter 
RTS/CTS handshake protocol. This protocol works as 
follows: when channel B needs to send a character to the 
printer, it will assert RTS and then wait for the printer to 
assert CTS before transmitting the character. 

The MC68681 counter/timer will be programmed toNii^ 
generate the time-slice interrupts to the MC68000 required 
for dual-tasking. The counter/timer must be able to be stop¬ 
ped and re-started; therefore, it is programmed to operate in 
counter mode. After initializing the counter registers with the 
count value, the counter will be started. When the counter 
reaches terminal count, it will generate an interrupt to the 
MC68000. The MC68000 will then stop the counter, clear the 
interrupt, swap tasks being executed, and start the counter 
again. When the counter is started again, it will be re¬ 
initialized using the value found in the counter registers. 

INTERFACE HARDWARE 

The hardware required to interface the MC68681 to the 
MC 68000 is minimal, as shown b y the schematic in Figure 1. 

The RESET, R/W, and DTACK lines are connected directly 
between and MC68681 and the MC68000. Address lines 
A5-A23 are routed through address decode logic and used to 
generate the MC68681 chip select. Address lines A1-A4 are 
tied to the MC68681 register select pins RS1-RS4. The 
MC68681 data bus pins, D0-D7 are connected to the 
MC68000 lower data bus lines, DO-07. Typically, the 
MC68681 would be attached to the lower data bus because 
the MC68681 must supply an interru pt vector number to the 
MC68000 on D0-D7 during lACK cycles. However, if the 
MC68681 will not be generating interrupts, it could ju st as 
easily be attached to the upper data bus. The MC6868 1 IR Q 
line must be encoded by the SN74LS148 to give the IRQ a 
priority level required by the MC68(X)0 on its IPL0-IPL2 ^ ^ 
lines. Also, the MC68000 A1-A3 lines must be d ecoded dur-^*^ 
ing lACK cycles by the SN74LS138 to generat e lAC K back 
to the MC68681. Using th e SN74 LS148 as the IRQ encoder 
and the SN74LS138 as the lACK decoder provides full sup¬ 
port of the MC68000 seven interrupt levels. The MC68681 re¬ 
quires only one interrupt level. For this application, interrupt 
level four has been arbitrarily chosen. This leaves the other 
six levels for future system expansion. 

The two channels are connected to the external devices via 
RS-232 drivers and DB-25 connectors. Because this applica¬ 
tion uses the OPO and OPl lines as the RTSA and CTSB 
handshake lines, respectively, they too are routed via the 
RS-232 drivers to their respective connectors. 

Finally, a 3.6864 MHz crystal is connected between the 
MC68681 Xl/CLK and X2 pins. The crystal is required for 
the built-in baud rate generator. The 15 pF and 5 pF shunt 
capacitors must also be connected between the crystal and 
ground as shown to insure proper operation of the baud rate 
generator. 

INTERFACE SOFTWARE 

The interface software required for this application is 
flowcharted in Figure 2 and is listed at the end of this Ap¬ 
plication Note. The routines can be broken down into three 
categories: the DUART initialization routines, the I/O driver 
routines, and the interrupt handling routines. The DUART 
initialization routines consist of DINIT, CHCHK, and 
CTRCHK. DINIT is the DUART initialization routine, and 
is called at system initialization time. After DINIT initialize r^ ^ 
the DUART channels and counter, it checks channel A,^^ 
channel B, and the counter for operational errors. Before 
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FIGURE 1 - MC68000/MC68681 Interface Schematic 
















DINIT is called, the calling routine must allocate three words 
on the system stack. Upon return to the calling routine, 
DINIT will pass back three status words on the system stack 
that reflect the operation of channel A, channel B, and the 
counter. If DINIT finds no errors in channel A, it will enable 
the channel A receiver and transmitter. Likewise, if DINIT 
finds no errors in channel B, it will enable the channel B 
transmitter. CHCHK and CTRCHK are routines that are 
called by DINIT to perform the actual checks. CHCHK 
checks a channel for proper operation. DINIT calls CHCHK 
twice: the first time to check channel A and the second time 
to check channel B. After placing the channel in local loop- 
back mode, CHCHK checks the channel for the following er¬ 
rors: transmitter never ready, receiver never ready, framing 
error, parity error, and incorrect character received. 
CTRCHK checks the counter for proper operation by verify¬ 
ing that the counter interrupts the MC680(X) properly after 
reaching terminal count. 

The I/O driver routines consist of INCH, DUTCH, and 
POUTCH. INCH is the terminal input character routine. 
INCH gets a character from the channel A receiver and 
places it in the lower byte of register DO. OUTCH is the ter¬ 
minal output character routine. OUTCH sends the character 
in the lower byte of register DO to the channel A transmitter. 
POUTCH is the printer output character routine. POUTCH 
sends the character in the lower byte of register DO to the 
channel B transmitter. 

The interrupt handling routines consist of DIRQ and 
CIRQ. DIRQ is the DU ART interrupt handling routine. 
After the DUART generates an interrupt, the MC68000 
begins executing DIRQ. DIRQ determines whether the inter¬ 
rupt was caused by the counter or a channel A change-in¬ 
break. If the interrupt was caused by the counter, DIRQ 
causes the MC68000 to swap tasks being executed. This pro¬ 
cess is discussed in a later section. If the interrupt was caused 
by a channel A change-in-break interrupt (beginning of 
break), DIRQ clears the interrupt source, waits for the next 
change-in-break condition interrupt (end of break), clears 
the interrupt source again and then returns from exception 
processing to the system monitor. CIRQ is used instead of 
DIRQ as the DUART interrupt handling routine when 
CTRCHK is executing. When the counter generates an inter¬ 
rupt during execution of CTRCHK, CIRQ sets the carry bit 
in the status register, thus informing CTRCHK that the 
counter interrupt was generated correctly. 

DUAL-TASKING SOFTWARE 

The dual-tasking software required for this application is 
flowcharted in Figure 3 and is listed at the end of this Ap¬ 
plication Note. The routines can be broken down in two 
categories: the routines that facilitate dual-tasking and the 
two sample tasks themselves. The routines that facilitate 
dual-tasking consist of SWPTSKS and TSKINIT. 

SWPTSKS is the task swapping routine executed when 
DIRQ determines that the counter generated an interrupt. 
SWPTSKS “swaps out” the task currently being executed 
with the task that is currently dormant. The “swap” process 
works as follows: the counter interrupt causes the MC68000 
to begin exception processing. During exception processing 
the MC68000 stacks the active task program counter and 
status register on the active task system stack, then executes 
DIRQ. DIRQ determines that the interrupt was caused by the 
counter and branches to SWPTSKS. SWPTSKS stops the 
counter, then saves the active task register contents and user 
stack pointer on the active task system stack. After saving 


this information on the active task system stack, SWPTSK 
swaps out the active task system stack pointer with the dor¬ 
mant task system stack pointer (stored in a reserved memory 
location). SWPTSKS then pulls the dormant task user stack 
pointer and register contents off the dormant task system y 
stack (this information was placed on the dormant system 
stack by a previous task swap operation), and restarts the 
counter. Finally, because the dormant task status register 
contents and program counter are now at the top of the dor¬ 
mant task system stack, the MC68(XX) will return from excep¬ 
tion where the dormant task had been interrupted, thereby 
re-activating it. 

TSKINIT is the task initialization routine. It initializes the 
DUART by calling DINIT, then checks for operational er¬ 
rors in the two channels and the counter. If errors are found 
in either of the channels or the counter, TSKINIT prints the 
appropriate error messages to a “command console” then 
stops. If no errors are found, TSKINIT then initializes the 
print task as the initial dormant task. The initialization pro¬ 
cedure works like this: the dormant task system stack pointer 
is initialized. The start address of the print task is stacked on 
the system stack, then an initial status register content is 
stacked. This is the order in which the MC68000 requires in¬ 
formation to be stacked when returning from exception. 

Next, the print task initial register contents and user stack 
pointer are stacked on the system stack. This is the order in 
which SWPTSKS requires information to be stacked to per¬ 
form its task swap operation. After initializing the print task 
as the dormant task, TSKINIT initializes the input task user 
and system stack pointers, starts the counter, then begins ex¬ 
ecution of the input task. 

The two sample tasks given in this Application Note are 
INPTTSK and PRNTTSK. The tasks work together to per¬ 
form two typical I/O operations: character string input from ^ 
a terminal and character string output to a printer. Because V 
I/O hardware is character-oriented and not string-oriented, 
character string I/O must be transformed into character I/O 
by using buffers and queues. Character string input is ac¬ 
complished through the use of an input buffer. Characters 
are placed in this buffer as they come in from the terminal. 

When the carriage return character is received and placed in 
the buffer, the string has been completely assembled and is 
moved elsewhere so that another one can be assembled. 

Character string printing is accomplished through the use 
of a print buffer and a print queue. For efficient character 
string printing, the print buffer should be capable of holding 
more than one character string. This is because the MC68000 
can supply strings to be printed much faster than the printer 
can print them. A multiple-string print buffer allows the 
MC68000 to “queue” character strings bound for the 
printer, then go on to more important things, rather than act¬ 
ing as a slave to the printer. The print queue is required to 
determine where the next string arriving at the buffer will go 
and where the next string departing from the buffer can be 
found. Print “tags” indicating that there are character 
strings in the print buffer are placed in this queue. The queue 
has an input and output pointer, and acts in a first-in-first- 
out manner. Thus, strings in the print buffer will be sent to 
the printer in the order that their print tags arrived at the 
print queue. 

For this application, a character string is terminated by a 
carriage return, and maximum string length is set by the con¬ 
stant CSLNTH. CSLNTH is used to define the width of the 
input buffer and the width of the print buffer. The print ^ 
queue length is set by the constant PQLNTH. PQLNTH is 
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used to define the length of the print queue and the length of 
the print buffer. Both CSLNTH and PQLNTH must be 
assigned values that are powers of two and can have a max¬ 
imum value of 256. Because maximum string length is 256 
bytes, the print tags need only be a byte value. 

When a character string is to be sent to the print buffer, it 
must be moved into the print buffer and an associated print 
tag placed in the print queue. When a character string is to be 
sent to the printer, it must be taken from the print buffer and 
its associated print tag removed from the print queue. 

INPTTSK continually monitors the terminal attached to 
DU ART channel A for incoming characters, assembles them 
into a character string in the input buffer, then queues the 
string in the print buffer. INPTTSK consists of two routines: 
ISTRG and QSTRG. ISTRG is the routine that assembles 
characters received from the terminal (via the INCH routine) 
into a character string in the input buffer. QSTRG is the 
routine that queues the character string in the print buffer. 
QSTRG first checks the status of the print queue. If the 
queue is full, QSTRG will wait until there is room in the 
queue for a print tag. If the queue is not full, QSTRG will 
move the character string into the print buffer and place a 
print tag in the print queue. 

PRNTTSK continually monitors the print queue for print 
tags. If it finds a print tag in the queue, PRNTTSK prints the 
string and removes the tag from the queue. PRNTTSK con¬ 
sists of two routines: RSTRG and PSTRG. RSTRG is the 
routine that releases a character string from the print buffer. 


and sends it to the printer via the PSTRG routine. RSTRG 
checks the status of the print queue. If it is empty, RSTRG 
will wait until a print tag appears in the queue. If the queue is 
not empty, RSTRG will call routine PSTRG, then remove 
the print tag from the print queue. PSTRG is the routine that 
sends a character string to the printer character-by-character 
(via the POUTCH routine). 


SUMMARY 

The frequency at which the MC68000 swaps between tasks 
is directly determined by the frequency at which the DU ART 
counter generates interrupts. This is determined by the count 
value placed in the upper and lower counter registers. The 
main concern in determining the count value is making sure 
that the task-swapping is transparent to the user sitting at the 
terminal. That is, he must not be aware that he does not have 
the attention of the system all the time. 

The system on which this application was developed per¬ 
formed well with the count value set at $0073. With the 
counter clock source programmed to be the 3.6864 MHz 
crystal divided-by-sixteen, this count value causes an inter¬ 
rupt to occur approximately every 500 microseconds. 

Also, this Application Note presents the interface required 
for efficient poll-driven serial I/O using the MC68681 
DU ART. If you wish to modify this interface to support 
interrupt-driven I/O, no changes in the hardware are re¬ 
quired. Only software modifications need to be made. 
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FIGURE 2 — MC68681 Interface Software Flowcharts (Sheet 1 of 6) 
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FIGURE 2 — MC68681 Interface Software Flowcharts (Sheet 3 of 6) 
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FIGURE 2 — MC68681 Interface Software Flowcharts (Sheet 4 of 6) 
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FIGURE 2 — MC68681 Interface Software Flowcharts (Sheet 5 of 6) 
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FIGURE 2 — MC68681 Interface Software Flowcharts (Sheet 6 of 6) 




















FIGURE 3 — Dual-Tasking Software Flowcharts (Sheet 2 of 5) 





FIGURE 3 — Dual-Tasking Software Flowcharts (Sheet 3 of 5) 
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FIGURE 3 — Dual-Tasking Software Flowcharts (Sheet 4 of 5) 
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FIGURE 3 — Dual-Tasking Software Flowcharts (Sheet 5 of 5) 
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patent rights nor the rights of others. Motorola and @) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/ 
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